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Background 

῝ NRL was lead on prior DARPA robotic tug study efforts 

῝ This effort included 

῝ Development of a GEO flight robotic arm 

῝ Work on flight-traceable algorithms 

῝ servo control, impedance control, inverse kinematics/obstacle avoidance, machine vision, RPO 

sensors and guidance laws 

῝ Demonstrated autonomous grapple of unmodified RSO in NRL proximity 

operations simulator, summer 2009 
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FREND Demonstration circa 2009 
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Original Phoenix Concept 

῝ DARPA sponsored, NRL lead integrator 

῝ Multipurpose robotic spacecraft 

῝ servicing 

῝ orbital assembly 

῝ Geosynchronous orbit 

῝ Two 7 DOF FREND arms 

῝ One 4 meter camera arm 

῝ Multiple end effectors 

῝ Autonomous, partially autonomous, 

and tele-operated robotic control 
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Phoenix ð Today 

῝ Continuing to execute risk reduction 

῝ Developing hardware, software, and Concepts of 

Operations (ConOps), and validation techniques in 

preparation for a future GEO demonstration 

῝ Planning to conduct ground verification and validation 

campaign through 2015 

῝ grapple of ñPODò payload delivery system 

῝ assembly of new payloads from existing payloads 

῝ emplacement of payloads on unmodified customer S/C 
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Payload Orbital Delivery system (POD) 

῝ DARPA effort to increase up-mass tempo to GEO 

῝ Would utilize hosted payload compartment on 

commercial satellites 

῝ Would dispense a small (~50-150 kg) cargo carrier 

before or during final orbital maneuvers of host 

῝ Would stabilize and support rendezvous and grapple 

with a Phoenix servicing vehicle 

῝ Would allow delivery of new end effectors, parts, etc. 

without requiring new Phoenix servicer launch 
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FREND Arms 

Degrees of Freedom 7 Joints + 1 Tool Drive 

Length 1.8 m from shoulder pitch to wrist pitch 

Mass 78 kg Arm + 10 kg Electronics 

Operating Voltage 28.5 - 34V 

Tip Velocity Up to 15 cm/sec 

Rotational Resolution +/- 0.002 Degrees 

Tracking Accuracy +/- 5 mm 

Tip Resolution +/- 0.1 mm 

Control Bandwidth >1 Hz 

Testability Self Supporting & Full Performance in 1 G 

Spaceflight Rating 1 year GEO Life, 100 krad Total Dose, Launch and Thermal Environments  
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Servicer/Tender Component Development 
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Servicer Algorithm Development 
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Robotic Control Methodologies 

῝ Scripting 

῝ flight processor controls robot via precomputed trajectories that are cued by ground operators 

῝ used wherever possible 

 

῝ Partial autonomy 

῝ flight processor controls robot via feedback from onboard sensors (EE cameras, F/T sensor, etc.) 

῝ includes supervision from ground via stop/go commanding 

῝ used during contact or fine alignment operations with engineered environment 

 

῝ Full autonomy 

῝ same as partial autonomy except stop/go authority given by onboard software 

῝ used only during timeïcritical or communicationïdenied operations (e.g. robotic grapple or release) 

 

῝ TeleïOperation 

῝ human operator controls robot in real time via hand controllers such as joysticks and ñstandardò telemetry/video displays 

῝ used only during manipulation of ñnonïengineeredò environments, e.g. emplacing a new payload on an RSO or freeing a stuck 

deployable 
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Proximity Operations Testbed 
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Contact Dynamics Testbed 

Size 4.5 x 6.1 m 

Mass 25,000 kg 

Grade AAA (flat to <0.05 mm) granite 

Bearing Capacity 13,000 kg 

Sensing Resolution +/- 0.1 mm 

Sensing Rate >400 Hz 


